ABSTRACT: Energy metrics is the development of a whole new theoretical framework for the conception and measurement of energy and economic performances, energy efficiency and productivity improvements with important political economy implications consistent with the best use of all natural and economic resources. The purpose of this research is to present some vital energy indicators based on magnitude and scale of energy weakness, GDP per barrel that is an indicator of energy productivity and barrels per capita that is an indicator of energy efficiency. Energy metrics can support policy maker to monitor energy system of countries in order to design effective strategy and political economy focused to increase the competitive advantage of countries in modern economies.
INTRODUCTION
he increasing demand for energy, soaring oil prices, uncertain energy supplies and fears of global warming have opened a hot debate about energy issues. In addition, the global economic downturn has triggered a world struggles to resume economic growth patterns considering multidimensional energy and economic challenges. In order to sustain the process of economic recovery, it is important to measure and monitor the energy performances, positioning and strategic behaviour of countries over time. The purpose of this paper is to determine and show new metrics concerning the energy weakness, energy productivity and efficiency that provide vital signals to policymakers to monitor the economic system of countries in order to set up effective policies that support the competitiveness of modern economies (Worrell et al., 2003) .
Next section introduces a theoretical framework which is the background to underpin the new energy metrics and discuss the results.
THEORETICAL FRAMEWORK
Economic growth of countries is also driven by energy forces and efficient energy systems (Marchetti, 1979; 1994) . The term National System of Energy refers to the complex network of agents, policies, and institutions, concerning the process of search for, develop and use of energy resources and energy technologies with the aim of increasing the efficient use of them in order to support the competitive advantage and economic growth of countries. In fact, the fruitful interactions between economic and energy systems play a fundamental role in modern economies since transfer competitive advantages to firms and whole economic system, improving country's economic perspectives (Porter, 1990) . As a matter of fact, efficient energy system generates cheaper goods and services that lead to higher wealth and well being of countries. Energy policy addresses factors, related to energy commodity, such as security of supply, environmental impact and costs that also lead to important industrial outcomes (Lund, 2009) . Therefore, it is necessary to support energy strategy and policy of countries beyond their energy impact and more towards industrial impacts to increase the competitive advantage of countries and support a sustainable development (Omer, 2008) . In turbulent scenarios, caused by global economic downturn, an important target for countries is the energy efficiency that may be defined as the ratio of useful outputs to energy inputs for a system (Sorrell, 2009) . Sorrell (2009 Sorrell ( , p. 1459 recently has claimed that:
«the measure of energy efficiency will depend upon how 'useful' is defined and how inputs and outputs are measured (Patterson, 1996) . The options include:
Thermodynamic measures: the outputs are defined in terms of either heat content on the capacity to perform useful work; Physical measures: where the outputs are defined in physical terms, such as vehicle kilometres or tonnes of steel; Economic measures: where the outputs (and sometimes also the inputs) are defined in economic terms, such as value-added or Gross Domestic Product (GDP). When outputs are measured in physical terms, the term energy efficiency tends to be used, but when outputs are measured in economic terms it is more common to use the term 'energy productivity'. The inverse of both measures is termed 'energy intensity'. [...] Hence, the indicator that is furthest from a thermodynamic measure of energy efficiency is the ratio of GDP to total primary energy consumption within a national economy» (Sorrell, 2009 ).
In addition Sorrell (2009 Sorrell ( , p. 1460 argues that: «Although many studies demonstrate strong correlations between economic output and energy consumption, the extent to which the growth in economic output can be considered a cause of the increased energy consumption, or vice versa, remains unclear (Chontanawat et al., 2006) . It seems likely that there is a synergistic relationship between the two, with each causing the other as part of a positive feedback mechanism (Ayres and Warr, 2005) ». T Hence, it is important to measure and investigate the structure and process of energy systems because they are main determinants of economic growth.
In order to in-depth understand these relationships in turbulent markets caused by global economic downturn, it is necessary to analyze the weakness as well as the strength of countries' behaviour, to have information in order to support energy and industrial policy with joint effects for competitiveness and sustainable economic development of countries. Next section describes the methodology that measures and analyses the structure and performances of countries to support rational decisions of policymakers in energy settings.
DATA, SOURCES AND NEW ENERGY INDICATORS
In order to meet the increasing requirements of policy makers for energy monitoring, Eurostat 1 has developed a coherent and harmonised system of energy statistics. Annual data collection covers the 27 Member States of the EU, the candidate countries of Croatia and Turkey, and the European Economic Area countries of Iceland, Norway and Switzerland. This research uses the data from Eurostat (2009; 2009a) , which reports some key indicators relating to energy and economic systems from 1990s to the early years of the 21st century. The indicators considered are described in the table 1. This paper determines and shows some indicators that provide vital information to policymakers to support economic and energy policies: i. the Magnitude of Energy Weakness (MEW) whose results are presented in the Scale of Energy weakness (SEW); ii. GDP per barrel that is an indicator of productivity concerning the input energy, 1 Eurostat is a Directorate-General of the European Commission located in Luxembourg. Its main responsibilities are to provide the European Union with statistical information at European level and to promote the harmonisation of statistical methods across the Member States of the European Union. and barrels per capita that is an indicator of energy efficiency.
These metrics can be the basis of a new energy metrics, described in the next section.
Energy metrics
As part of the economic policy certain explicit measures of energy have important implications for the measurement of economic performances, studies into country behaviour, analysis of international trade and so on. Energy metrics is the development of a whole new theoretical framework for the conception and measurement of energy efficiency and productivity improvements with important political economy implications consistent with the best use of all natural and economic resources.
Energy metrics can be underpinned in the general theory of measurement (Pfanzagl, 1968) . The measurement of an empirical variable is a consistent assignment of numbers to the variable (Narens, 1981) . Mathematicians and social scientists are interested in the representational measurement that is an attempt to understand the nature of empirical observations that can be usefully recoded in terms of familiar mathematical structures. The focus of measurement is not just on the numerical representation of any relational structures, but of ordered ones, that is, ones for which one of the relations is a weak order, denoted ≥ , which has defining properties (Luce and Narens, 1985; 2008; Luce et al., 1990) : Luce et al. (1990) add: «that the mapping from the weakly ordered structure via the isomorphism of the (mutually disjoint) equivalences classes to the ordered real numbers is called a homomorphism. Unlike an isomorphism, which is one to one, an homomorphism is many to one. A variable may have several scales, and how these scales relate to one another determines the scale type of the measurement process. The most important are the ordered scales for which there is a natural ordering of the empirical variable, which under measurement maps into the numerical ≥ relation of the real number system. Ordinal scales are ones for which the proper assignments consist of all strictly monotonic transformations of any single proper assignment where the resulting transformation has the same range as the given assignment» (see also Luce and Narens, 1985; 2008; Luce et al., 1990) .
Considering this background of theory of measurement, it is defined the following measure of energy metrics, called Magnitude of Energy Weakness (MEW=ω). energy  primary  n  consumptio  inland  Gross   energy  primary  production  Total  Log 10 ω is a metrics of energy empirical variables based on a weakly ordered structure and homomorphism property. ω is the basis of an ordered scale, called Scale of Energy Weakness (SEW) which indicates the magnitude and intensity of energy weakness of countries. Positive ω means low energy weakness, whereas negative ω means high energy weakness. 
Indicators

Period Description
Total production of primary energy -(1 000 toe) 2
1996-2007
Any kind of extraction of energy products from natural sources to a usable form is called primary production. Primary production takes place when the natural sources are exploited, for example in coal mines, crude oil fields, hydro power plants or fabrication of biofuels. Transformation of energy from one form to another, like electricity or heat generation in thermal power plants or coke production in coke ovens is not primary production.
Net imports of primary energy -(1 000 toe)
Net imports are calculated as imports minus exports. Imports represent all entries into the national territory excluding transit quantities (notably via gas and oil pipelines); electrical energy is an exception and its transit is always recorded under foreign trade. Exports similarly cover all quantities exported from the national territory.
Gross inland consumption of primary energy -(1 000 toe)
Gross inland consumption is defined as primary production plus imports, recovered products and stock change, less exports and fuel supply to maritime bunkers (for seagoing ships of all flags). It therefore reflects the energy necessary to satisfy inland consumption within the limits of national territory.
Gross domestic product at market prices -At current prices 1999-2007 GDP (gross domestic product) is an indicator for a nation's economic situation. It reflects the total value of all goods and services produced less the value of goods and services used for intermediate consumption in their production. Expressing GDP in PPS (purchasing power standards) eliminates differences in price levels between countries, and calculations on a per head basis allows for the comparison of economies significantly different in absolute size. Remark: Higher values show higher capacity of countries to transform energy inputs in 3 Purchasing Power Standards (PPS), i.e. a common currency that eliminates the differences in price levels between countries allowing meaningful volume comparisons of GDP between countries. 4 The tonne of oil equivalent (toe) is a unit of energy: the amount of energy released by burning one tonne of crude oil, approximately 42 GJ. 5 The US Internal Revenue Service defines it as equal to 5.8 × 10 6 BTU. 5.8 × 10 6 BTU 59 °F equals 6.1178632 × 10 9 J or about 6.1 GJ. 6 The International Energy Agency (IEA) is an intergovernmental organization located in Paris and established within the Organisation for Economic Cooperation and Development (OECD) in 1974, after the oil crisis. The IEA was initially dedicated to responding to physical disruptions in the supply of oil, as well as serving as an information source on statistics about the international oil market and other energy sectors. The IEA acts as a policy advisor to its 28 member countries, but also works with many countries outside of its membership, especially China, India and Russia. The Agency's mandate has broadened to focus on the "3Es" of sound energy policy: energy security, economic development, and environmental protection. The IEA has a broad role in promoting alternate energy sources (including renewable energy), rational energy policies, and multinational energy technology co-operation. In addition to individuate the strategic behaviour and positioning of countries, it is presented a strategic map with the origin (0;0) represented by EU-27 countries, x-axis is represented by GDP per barrel (cause), whereas y-axis is represented by GDP per capita (effect). This map detects observed similarities or dissimilarities (distances) between countries based on key energy and economic indicators. In particular, this map assigns a specific location to countries in a space with two dimensions considering their behaviour measured by GDP per capita and GDP per barrel. As far as these energy indicators are concerned, they have to be considered in a general context of all energy variables in order to analyze the real energy behaviour and positioning of countries. Table 2 shows the percentage of production of primary energy, renewable energy and net imports of primary energy per countries based on arithmetic mean over 1996-2007 period (in appendix the table 1A is in absolute values). The most virtuous countries are Norway, Denmark and the United Kingdom, that have positive values of net import (i.e. they export primary energy) and inland consumption is lesser than inner energy production (this is due to their richness of primary energy resources). Table 3 shows the magnitude of energy weakness that is also represented in the figure 1.
Countries
RESULTS
The MEW of countries is described in table 3. The MEW is the basis for an ordered scale presented in table 4. This well-designed scale of energy metrics can serve as a warning signal that the economic system can enter in a turbulent state with rather strong economic crisis in case of energy shocks. The magnitude MEW is the indicator guidelines for the scale of energy weakness (SEW) and countries should maximize the MEW that should tend to 0: i.e. close to energy independence. Log 10 Total production primary energy / Gross inland consumption of primary energy Arithmetic mean in Main findings are in the figure 4 where the origin (0;0) is EU-27 countries and the positioning of countries, which indicates the strategic behaviour of European countries, is measured by the distance in GDP per barrel and 7 However, Spain has been increasing its economic performances but with high negative externalities: Spain is a country with the highest index of greenhouse gas emissions (in CO 2 equivalents) which is 140.35 (arithmetic mean over 1999-2006 period) vs. 109.19 Italy, 98.04 of France and 82.76 of Germany. Appendix B shows these trends by the index of sustainable GDP per barrel which is corrected with greenhouse gas emissions.
FIGURE 1: MAGNITUDE OF ENERGY WEAKNESS PER EUROPEAN COUNTRIES
GDP per capita from EU-27 Countries. This map shows four main strategic behaviours of countries:
North-East corner is the area of the most energy and economic dynamic countries in comparison with EU-27 countries, such as Switzerland, Italy, Denmark, Austria, Germany and so on. South-West corner is the area of countries with the lowest economic and energy performances in comparison with EU-27 countries. These counties, mainly of East Europe, are Romania, Hungary, Bulgaria, Poland, Czech Republic, and so on. South-East Corner is the area of countries that have a good energy productivity measured by GDP per barrel and low GDP per capita in comparison to EU-27 countries (e.g. Greece, Portugal and Turkey). North-West corner has the countries with a good GDP per capita in comparison with EU-27 and lower energy productivity than average position of EU-27 Countries (Finland, Belgium and Sweden).
The strategic positioning of this map provides main information to policymakers to design and plan efficient and efficacious energy and economic policies in order to support the perspective of growth of countries and European Union. In fact, the map shows the weak and strong countries by the distance of their main energy and economic performances from a fixed point represented, in this case, by EU-27 countries. 
LESSONS LEARNED AND ECONOMIC POLICY IMPLICATIONS
This paper provides vital results to support the modern economic growth patterns of countries. In particular, the paper has analyzed the structure of energy system of European countries showing the production of primary energy, renewable energy and net imports. This paper determines also main indicators of energy, and the first one is the magnitude of energy weakness (MEW) whose values are ordered in the scale of energy weaknesses (SEW) that provides vital warning signals about the energy system of countries. In fact, this scale shows that the strongest countries are Norway, Denmark and the UK, whereas the weakest countries are Spain, Italy, Portugal, Sweden, etc. A welldesigned scale can serve as a warning signal that the economic system can enter in a turbulent state with rather strong economic crisis in case of energy shocks.
This paper shows also other two critical indicators of energy based on the decomposition of GDP per capita in two effects, GDP per barrel and barrels per capita: the first one is an indicator of energy productivity, the second one is an indicator of energy efficiency. In fact, higher values of GDP per barrels show higher capacity of countries to transform energy inputs in economic activity that generates wealth, whereas, higher values of barrels (burned) per capita indicate that the consumption per capita of energy input (barrels) is higher, therefore the most energy efficiency countries are those with low values, i.e. low consumption of barrels per capita. This decomposition shows the high performance of Italy both for energy productivity and for energy efficiency. The other countries have lower energy performances.
In addition, the strategic behaviour and positioning of countries, is presented in a strategic map with the x-axis represented by GDP per barrel (cause), whereas y-axis is represented by GDP per capita (effect). This map detects observed similarities or dissimilarities (distances) between countries based on key energy and economic indicators. This map assigns a specific location to countries in a space with two dimensions in comparison with EU-27 which is the origin (0;0). The higher interaction of energy and economic performance is in the North-East area where are located countries such as Norway, Italy, Denmark, Germany, the UK, and so on. Other areas have countries with a lesser energy and/or economic performance.
This analysis shows that the European energy market is based on an heterogeneity of situations that need rational and prudent decisions aimed at supporting future patterns of economic growth. A systemic analysis of energy system of countries should be driven by these energy indicators in order to design effective energy policy. The future challenge for policy makers is how to ensure that such findings are integrated in national economic policies, in order to maximize the positive long run impact on steadier economic growth patterns. This approach is a necessary but not sufficient condition since there are other factors that can affect the economic and energy systems of countries such as entrepreneurship, path dependence in the production of goods and service, culture, social environments and their rules. This paper presents energy indicators important to build an efficient European system of energy that supports future sustainable economic growth paths. In all, this comprehensive analysis of the strategic behaviour of countries can provide vital information in order to drive the success of future energy policy for countries. The results of this paper are important for policymakers and politicians, since in the future they have to focus much more on encouraging an effective energy policy, based on maximization of energy productivity and efficiency, as well as minimization of energy weakness in order to improve the industrial organization and therefore national wealth and wellbeing. These vital goals of countries can be achieved monitoring the economic and energy signals provided by these driving energy indicators that represent the guide-posts for going through fruitful trajectories based on synergic interaction between energy and economic systems. Although this paper does not provide exhaustive metrics and analysis about all the contending variables that affect energy system of European countries, the results can provide the basic driving information for rational decisions aimed at improving the performance of countries. No doubt that further research is needed to strengthen this important research field for future economic growth of the World. * Greenhouse gas emissions -Index of greenhouse gas emissions -In CO 2 equivalents (Actual base year = 100) 
